Ecology of Salmonella infection across Australian pig-rearing systems by Hamilton, D. R. et al.
O
R
A
L
P
R
E
S
E
N
T
A
T
IO
N
S
117
SafePork 2005
ECOLOGY OF SALMONELLA INFECTION ACROSS 
AUSTRALIAN PIG-REARING SYSTEMS 
Hamilton D.R.1*, Holds G.1, Bobbitt J.2, Kiermeier A.1, Holyoake P.3, Fahy T.2, Davos D.4 ,
Heuzenroeder M.4, Lester S.5, Pointon A.1
*1South Australian Research and Development Institute, 33 Flemington St, Glenside, South Australia 5065, Australia, Ph: 61-8-
8207-7929, Email: Hamilton.david@saugov.sa.gov.au; 2Victorian Department of Primary Industries, Melbourne, Australia;
3University of Sydney, Faculty of Veterinary Science, Sydney, Australia; 4Institute of Medical and Veterinary Science, Adelaide,
Australia; 5Statistical Consultant, Adelaide, Australia.
Abstract The aim of this study was to compare the ecology of Salmonella infection in pigs in bed-
ding production systems (500-1000 pigs in one large pen, bedded on straw and/or rice hulls) with
that in pigs in traditional (10-20 pigs per pen, concrete floor) systems. Eight Salmonella sero-positive
study herds were selected to give 4 different combinations of weaner/grow-finisher and deep
litter/concrete-based production systems. Individually identified pigs were bled at 9-10 and 16 weeks
of age and at slaughter (22-24 weeks) to estimate seroprevalence. At each bleed pen faecal samples
were collected to identify the serotypes present. Two batches of pigs from each herd were studied.
There were substantial differences in the infection patterns over time within both high and low
prevalence herds as found overseas. This appeared to be unrelated to the use of bedding production
systems at either the weaner or grower/finisher stage. Feed serovars may play a larger role in
Australia than previously thought.
Introduction In Australia, increasing numbers of pigs are housed on bedding (straw or rice hulls)
instead of concrete (partial or full slats). These deep litter sheds containing up to 1000 pigs in a sin-
gle enclosure, have a number of advantages, with the result that they have become the most com-
monly built pig facility in this country. 
The advantages include lower initial capital cost, reduced power and water consumption, more
ready acceptance by licensing agencies (less odour and liquid effluent) and consumer perception as
welfare-friendly. A potential disadvantage compared with traditional sheds having under floor effluent
drains, is that the deep litter may only be cleaned out when the pigs are removed, giving them ready
access to their faeces for the entire period of their stay in the shed i.e. up to 16 weeks. With pig-to-
pig Salmonella infection involving the faecal/oral transmission pathway, the potential food safety
implications are obvious. 
This project was designed to investigate the ecology of Salmonella herd infection and abattoir
contamination of pigs raised in “Bedding” (deep litter) systems compared with those raised in
“Traditional” pig housing (concrete-based). This would allow an appropriate assessment to be made
of the potential food safety risk associated with this growing method of pig husbandry.
Materials and Methods All combinations of weaner and grower/finisher accommodation systems
were examined (Table 1). The design was a compromise between the considerable cost of repeat
sampling large numbers of pigs and constraints on the use of serology (reviewed by Davies & Funk
1999). To optimise the statistical power, pigs were tagged and then serially bled as weaners, grow-
ers and finishers (Table 1). At the time of each blood collection, 3 pen faecal samples were collected
for culture. This allowed the determination of a cohort serological and pen culture profile throughout
most of the pig’s life to enable identification of the major points and degree of exposure to
Salmonella. A subset of 8 of 23 herds screened in 2002 (Hamilton et al 2004) with a demonstrated
Salmonella infection (ranging from 3% to 68% seroprevalence; Table 2) was selected for study by
both serology and culture. 
All sera were tested at the Victorian Institute of Animal Science utilising the Australian mix-ELISA
(enzyme linked immunosorbent assay) (Bobbitt et al 1997; Hamilton et al 2000) based on the Danish
mix-ELISA (Nielsen et al 1995) that performed well in an international comparison of Salmonella spp.
mix-ELISA tests (van der Heijden 2001). 
A pen faecal sample was defined as 25 gm of faeces made up of 5 x 5 g of faeces collected
from the pen floor from physically separated fresh stools (thus increasing the chance of them repre-
senting 5 different pigs). Assuming the prevalence of Salmonella shedding in the herd to be 10%,
with 3 pen samples the probability of observing at least one positive sample was 0.37. At a 25%
prevalence the probability would be 0.69. If 5 pen samples had been collected, the probability would
be 0.53 and 0.86 respectively. Weaners were sampled prior to movement to grower/finisher accom-
modation. Pre-enrichment was done using 25 gm faeces in 225 ml buffered Peptone water (Funk et
al 2000). Culture methods then followed the Australian Standard (2004). Serotyping was carried out
at the Australian Salmonella Reference Centre, Institute of Medical & Veterinary Science.
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Results Results of serial blood testing individually identified pigs and pooled pen faecal cultures in
16 cohorts of pigs (8 farms x 2 batches) are provided in Table 2. The serovars isolated included
Salmonella Agona, Anatum, Bovismorbificans, Derby, Havana, Infantis, Johannesburg, London, Ohio,
Oranienburg, Ohio, Senftenberg, Stanley, subsp 1 4,12:d and subsp 1 ser3,10:eh:-. Important obser-
vations included: 
< variable point seroprevalence within a farm (Table 2) 
< relatively low seroprevalence on some batches when all pooled pen samples were 
positive with multiple serovars 
< considerable seroconversion between 10 weeks of age and slaughter 
< presence of multiple serovars at single sampling times 
< weaners infection/shedding prior to movement to grower/finisher housing 
< presence of serovars commonly found in stockfeeds and isolation of similar serovars in 
weaners, growers and finishers 
< S. Typhimurium was not isolated from any cohort and is uncommon on carcases 
routinely monitored by AQIS on a national basis at slaughter (Hamilton et al 2004)
Discussion The study demonstrated that high levels of Salmonella infection can occur in pigs raised
in either deep bedding or traditional production facilities, which will persist over time and has poten-
tial public health consequences. There were substantial differences in the infection patterns over
time within both high and low prevalence herds as found overseas. This appeared to be unrelated to
the use of bedding at either the weaner or grower/finisher stage i.e. deep litter systems do not
appear to pose a greater risk to pigs of infection compared with traditional concrete-based systems.
Where common weaner sources supplied pigs to both types of finishing systems, there was no sig-
nificant difference between the finisher seroprevalence from these production systems. It had been
hypothesised that holding large numbers of pigs together with unlimited access to their faeces may
increase the level of infection. It is known, however, that adding fibre to the diet significantly
changes the morphological and physiological conditions in the hind gut (including the gram nega-
tive/gram positive balance) and an Australian study estimated that on deep litter systems up to 13%
of the diet is made up of bedding material (van Barneveld et al 2004). It is therefore conjectured that
bedding material in the diet of the bedding raised pigs may have counteracted any effect of
increased access to faecal material.
Weaners are potentially a major source of contamination of grower/finisher facilities. Serovars
present in weaners, in general, persisted through to the time of slaughter. The Salmonella serovars
on the study farms, pigs and carcases reflected stockfeed serovars that have been reported in
recent national surveys (Hamilton et al 2004).
The Australian mix-ELISA followed the development of the Danish mix-ELISA, which has become
the benchmark Salmonella serological test internationally. The test, however, is heavily biased
towards detection of Salmonella Typhimurium, a dominant serotype in Europe and the US, both in
pig and human infections. Typhimurium produces higher titres and a higher cut-off than the more
common pig serovars thus resulting in potential under-detection of herds with other serovars. This
study, along with other recently available data, has challenged the existing perception that
Typhimurium plays a major role in pig infection in Australia. It, therefore, raises the question of the
validity of continuing to utilise (in this country) a test biased towards detecting this serovar, particu-
larly if a national surveillance system is contemplated.
Serovars normally associated with pigs are routinely recovered from animal feeds (meat meal,
stockfeeds etc) but the role contaminated feed plays in Salmonella ecology is not agreed upon.
Because serovars occur in feed at different frequencies than in pigs it is not generally thought to be
a significant source of infection. However the findings in this project (Hamilton et al 2004), suggest
that feed may play a larger role in Australia than previously thought.
Weaner
housing
Grow/Finish
housing
#
Herdsa
#
Sampling
roundsb
# Tagged pigs
sampled each
herd/round
# Pen faecal
samples at
bleeding
# Times each
tagged pig &
pen sampled
Bedding Bedding 2 2 65 3 3
Bedding Traditional 2 2 65 3 3
Traditional Bedding 2 2 65 3 3
Traditional Traditional 2 2 65 3 3
Table 1. Sampling frame: individually identified pigs from different production systems bled as weaners, growers and fin-
ishers. a=Total of 8 study herds, b=Total of 65 pigs from each herd sampled as weaners, growers and finishers on 2 sep-
arate occasions i.e.65 pigs x 3 sample times x 8 herds x 2 rounds/herd = approx 3120 sera. Total of 3 pen samples x 3
sample times x 8 herds x 2 rounds/herd = 144 pen faecal samples.
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Conclusions Deep litter systems do not appear to pose a greater risk to pigs of Salmonella infection
compared with traditional concrete-based systems. S. Typhimurium does not appear to play a major
role in pig infection in Australia. Animal feed serovars may play a greater role in pig infection in
Australia than previously thought.
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Table 2. Summary of pen faecal culture results, number of Salmonella serovars isolated and seroprevalence from 16 batch-
es of pigs and seroprevalence of herd pre-selection screening round. WE=Weaner, GR=Grower, FIN=Finisher, NS=Not
Sampled as new herd/shed selected as the basis of production type Pre-selection screening, Batch 1 and Batch 2 were
from pigs produced in the same finisher shed on each participating farm a-i-a-o = all-in-all-out pig production; 
contin=continuous flow pig production.
Farm
ID
Criteria
Pre-selec-
tion FIN
Batch 1 Batch 2
WE GR FIN WE GR FIN
Bedding Weaner / Bedding Finisher
B1B1 # +ve pots (# Salm serovars) 3/3 (2) 2/3 (1) 2/3 (2) 0/3 (-) 0/3 (-) 0/3 (-)
a-i-a-o Seroprevalence % 67% 32% 9% 13% 3% 0% 74%
B2B2 # +ve pots (# Salm serovars) 3/3 (2) 3/3 (2) 3/3 (4) 3/3 (4) 3/3 (4) 3/3 (3)
a-i-a-o Seroprevalence % 68% 1% 23% 52% 4% 4% 10%
Bedding Weaner / Traditional Finisher
B1T1 # +ve pots (# Salm serovars) 3/3 (2) 2/3 (1) 2/3 (1) 0/3 (-) 0/3 (-) 0/3 (-)
a-i-a-o Seroprevalence % 3% 2% 32% 15% 2% 19% 75%
B2T5 # +ve pots (# Salm serovars) 3/3 (2) 3/3 (5) 2/3 (2) 3/3 (5) 3/3 (3) 0/3 (-)
contin Seroprevalence % 20% 2% 13% 24% 0% 44% 80%
Traditional Weaner / Bedding Finisher
T1B4 # +ve pots (# Salm serovars) 0/3 (-) 0/3 (-) 0/3 (-) 1/3 (1) 1/3 (1) 0/3 (-)
a-i-a-o Seroprevalence % NS 0% 8% 19% 0% 0% 8%
T2B2 # +ve pots (# Salm serovars) 2/3 (4) 3/3 (4) 3/3 (4) 3/3 (5) 3/3 (4) 3/3 (2)
a-i-a-o Seroprevalence % 48% 25% 44% 16% 4% 16% 48%
Traditional Weaner / Traditional Finisher
T1T10 # +ve pots (# Salm serovars) 0/3 (-) 0/3 (-) 1/3 (1) 3/3 (3) 0/3 (-) 1/3 (1)
a-i-a-o Seroprevalence % 5% 2% 16% 25% 0% 5% 34%
T3T7 # +ve pots (# Salm serovars) 1/3 (1) 3/3 (4) 3/3 (2) 3/3 (3) 3/3 (4) 2/3 (2)
contin Seroprevalence % 65% 3% 11% 73% 7% 10% 22%
